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S1. Resistive load amplier
A resistive-load amplier is obtained by replacing G2 with resistor RL in the circuit
shown in Fig. 1c of the main text. This amplier is shown in Fig. S1a. Voltage gain at low




=  gm1(rd1 k RL k R)   gm1(rd1 k RL): (1)
The voltage gain is negative for VIN > Vth (common-source amplier), where Vth is the gate
voltage at the Dirac point, and positive for VIN < Vth (common-drain amplier). In contrast
to the complementary amplier discussed in the main text, this amplier does not reach
the maximum gain when RL ! 1 because in this case there is no direct current through
G1 and therefore Av = 0. The maximum gain at a xed supply voltage VDD is obtained
when RL = R1, where R1 is the dc resistance of G1.

















FIG. S1. Resistive-load amplier (direct-coupled common-source amplier). a, A circuit diagram
of the amplier. Z = R k C, where R = 1 M
 and C = 13 pF, is the input impedance of the
oscilloscope used to measure input and output signals while 50 
 is the output resistance of the
input voltage source. Since jZj  50 
 the complete input signal drops across Z. b, Ac small-signal
equivalent circuit of the amplier at low frequencies.
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FIG. S2. Measured ac components of the input and output voltage signals of the resistive-load
and active-load (i.e., complementary) ampliers at a frequency f = 1 kHz for VDD = 2 V and
RL = 3:5 k
. Voltage gains are Av =  2:76 (active-load) and Av =  1:12 (resistive load).




which is less than half of the intrinsic gain of the transistor gm1rd1 (i.e., than the voltage gain
of a complementary amplier biased with the same supply voltage VDD).
2 This is demon-
strated in Fig. S2 which shows input and output voltages of both ampliers. Both ampliers
amplify the input signal, although the voltage gain in a resistive-load mode is 2.4 times less
than in the case of the active-load amplier.
S2. Transistor symmetry in a complementary conguration
Fig. S3 shows the resistances of transistors G1 and G2 measured at a very small and very
large bias. At a very small bias the transistors have identical transfer curves. At a large
bias the Dirac points of both FETs move to higher input voltages, with the Dirac point of
G2 moving more than that of G1.
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FIG. S3. Resistances of G1 and G2 at dierent drain biases. At a small bias (VD = 0:1 V) the
resistances were measured separately in two-probe congurations (R = VD=ID). At a large bias
(VDD = 1:5 V) resistances were measured in a complementary conguration as R1 = VOUT=ID
and R2 = (VDD   VOUT)=ID (these measurements correspond to the sample from Fig. 2 in the
main text). Resistances in a complementary conguration are lower as measurement of VOUT by a
voltmeter eliminates the contact resistance of the common drain of the FETs.
S3. Voltage gain in a complementary conguration









FIG. S4. Ac small-signal equivalent circuit of the complementary amplier at low frequencies.
Z = R k C, where R = 1 M
 and C = 13 pF, is the input impedance of the oscilloscope used to
measure input and output signals while 50 
 is the output resistance of the input voltage source.
Since R 50 
 the complete input signal drops across R.
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FIG. S5. Measured value of the maximum voltage gain of the complementary amplier as a
function of the supply voltage VDD. The measurement was performed in the ac mode at a frequency
f = 1 kHz.
Assuming that both FETs have approximately the same characteristics (i.e., gm1 = gm2 = gm




The maximum gain is obtained for RL !1:3
Av =  gmrd: (5)
In order to express the maximum gain as a function of the dc circuit parameters it is
necessary to calculate gm and rd. Assuming a very simple model of a graphene FET as
a voltage-controlled resistor (i.e., by neglecting quasi-saturation, see Section S4) in which









where 0 is the conductance of graphene at the Dirac point, tox and "ox are the thickness
and dielectric constant of the gate oxide and  is the mobility of charge carriers in graphene.
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FIG. S6. Frequency response of the amplier: magnitude jAv(f)j of the voltage gain for three









(VG   Vth): (8)
Hence
Av =   VD
VG   Vth + 0tox=(ox) : (9)
The maximum voltage gain is obtained at the operating point Q (Fig. 2a of the main text)




Note that VIN depends on VDD. An alternative derivation of the last expression can be
found in the supplementary information of Ref. 4. Experimentally determined dependence
jAvjmax vs. VDD is shown in Fig. S5. The dependence jAvjmax / VDD is also valid at higher
frequencies (Fig. S6).
S4. Current-voltage characteristics of a single graphene transistor
Current-voltage characteristics of one of the fabricated FETs are shown in Fig. S7. If
VG > Vth the present graphene FET operate as an n-type transistor at low drain voltages.
As the drain potential is increased, the potential dierence between the gate and the channel
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FIG. S7. Static (dc) characteristics of one of the fabricated graphene FETs whose Dirac point is at
Vth =  1:12 V. w is the channel width. a, Current-voltage characteristics. b, Output resistance.
decreases, which eectively moves the Dirac point towards the drain and therefore increases
the resistance of the channel. The maximum channel resistance (quasi-saturation or the
maximum of rd) is reached when the Dirac point enters the channel (VD > VG   Vth).
S5. Gate breakdown characteristic
In most cases, the gate leakage current was found to be negligible (for all data presented
in the main text the leakage current IG < 1 nA). Although the gate dielectric breaks down
at about VG  2:3 V, this was not observed at VDD = 2:5 V (when VSG2 = 2:35 V) as this
7














FIG. S8. Gate breakdown characteristic of one of the fabricated FETs.
large voltage drop develops only near the source of G2. The potential along the channel
decreases towards the drain which signicantly reduces probability of a breakdown.
S6. Complementary inverter with a nite load
The maximum gain in a complementary conguration is obtained with an innite load.
However, as the output resistance of the amplier is rd1 k rd2 = rd=2  1:8 k
, high voltage
gain will be preserved even with a moderately light load. Attenuation introduced by a nite






which is close to unity for RL  rd=2. This is demonstrated in Fig. S9 which shows the
voltage gain of a complementary amplier loaded with three dierent loads.
S7. High-frequency operation
Fig. S10 shows the output stage of the amplier at higher frequencies. The contact
resistance Rc does not play any role at low frequencies at which 1=(!Cc) ! 1, where
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FIG. S9. Voltage gain of a complementary amplier measured in ac mode at a frequency f = 1 kHz
for VDD = 2 V.
! = 2f . This simple model gives for the voltage gain at higher frequencies
Av(f) =
Av(0)
1 + j!(Rc + rd=2)Cc
; (12)
where j =




 100 kHz; (13)






FIG. S10. Ac small-signal equivalent circuit of the amplier at higher frequencies. C = 13 pF is
the capacitance of the oscilloscope while Cc = 0:5 nF  C is the conductor-to-ground capacitance
of the cables which connect the amplier to the oscilloscope. Rc  1:5 k
 is the contact resistance










FIG. S11. Intrinsic ac small-signal equivalent circuit of the amplier at high frequencies. Rin =
50
 is the output resistance of the input voltage source, rg is the series resistance of the gate
contact and Cgs and Cgd are the gate-source and gate-drain capacitances of the FETs (including
contact overlap capacitances).
If all extrinsic capacitances are excluded, the dominant pole is determined by intrinsic
capacitances of the FETs. Assuming that both FETs have approximately the same charac-
teristics, ac small-signal equivalent circuit of the complementary amplier can be split into
two identical common-source circuits shown in Fig. S11. According to Miller's theorem the
two poles in this circuit are:5
fp1 =
1
2(2Rin + rg)(Cgs + Cgd(1 + jAv(0)j)) ; (14)
fp2 =
1
2rdCgd(1 + 1=jAv(0)j) : (15)
Assuming gate-source and gate-drain surface areas to be Ags = 3m  1m and Agd =
3m0:25m (see Fig. 1b of the main text) and tox = 4 nm, 2Rin+rg  100
, rd  3:6 k

and jAv(0)j = 3:7, the following values are obtained: Cgs = 60 aF, Cgd = 15 aF and
fp1  12:2GHz; (16)
fp2  2:3GHz: (17)
Hence f 3 dB  fp2  2:3 GHz and f1  f 3 dBjAv(0)j  8:6 GHz.
S8. Raman spectra
The Raman spectra of typical mono and bilayer graphene akes used in this study are
shown in Fig. S12. Most of the devices were fabricated on monolayer graphene, but a few
were also fabricated on bilayer graphene. No signicant dierence was found between mono
and bilayer devices.
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FIG. S12. Raman spectra of typical graphene akes used in this study.
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